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MEASUMNG THE EFFECT OF FLARE ON LINE WIDTH 



FffiLD OF THE INVENTION 

[OOlJ The invention relates to semiconductor process. More particularly the invention relates to 
measuring tiie degree of flare distortion of printed features. 

BACKGROUND 

[002] The electronics industry continues to rely upon advances in semiconductor technology to 
realized higher-function devices in more conq)act areas. For many applications, realizing higher- 
fimctioning devices requires integrating a large number of electronic devices into a single siKcon 
wafer. As the number of electronic devices per given area of the siUcon wafer increases, the 
manu&cturing process becomes more difBcult 

(0031 A large variety of semiconductor devices has been manufactured having various 
appUcations in numerous disciplines. Such sUicon-based semiconductor devices often include 
metal-oxide-semiconductor (MOS) transistors, such as p-chaimel MOS (PMOS), n-channel MOS 
(NMOS) and complementary MOS (CMOS) transistors, bipolar transistors, BiCMOS transistors. 

[0041 Each of these semiconductor devices generally includes a semiconductor substrate on 
which a number of active devices are formed. The particular structure of a given active device can 
vary between device types. For example, in MOS transistors, an active device generally includes 
source and drain regions and a gate electrode that modulates current between the source and drain 
regions. 



or 



[005] One mqKirtant step in the manufacturing of such devices is the formation of devices, i 
portions thereof, using photolithography and etehing processes. In photoUthography, a wafer 
substrate is coated wifli a Ught-sensitive material called photo-resist. Next, the wafer is exposed to 
light flie Kght striking the wafer is passed through a mask plate. This mask plate defines the 
desired features to be printed on the substrate. After exposure, the resist-coated wafer substrate is 
developed. The desired features as defined on the mask are retained on the photo resist-coated 
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substrate. Unexposed areas of resist arc washed away wifli a developer. The wafer having the 
desired features defined is subjected to etching. Depending upon the production process, the 
etching may eiflier be a wet etch, in which liquid chemicals are used to remove wafCT material or a 
dry etch, in which wafer material is subjected to a radio fi^quency (RF) induced plasma. 

[006] Often desired features have particular regions in which the final printed and etched regions 
have to be accurately reproduced over time. These are referred to as critical dimensions (CDs). 
As device geometry approaches the sub-micron realm, wafer fabrication becomes more reliant on 
maintaining consistent CDs over normal process variations. The active device dimensions as 
designed and replicated on the photo mask and those actually rendered on the wafer substrate have 
to be repeatable and controllable. In many situations, the process attempts to maintain the final 
CDs equal to the masking CDs. However, in^erfections in flie process or changes in technology 
(that may be realized in a given febrication process, if Ihe process were "tweaked") oftei 
necessitate the rendering of final CDs that deviate firom the masking CDs. 

[007] U.S. Patent 5,757,507 of Ausschnitt et al. relates generally to manufacturing processes 
requiring lithography and, more particularly, to monitoring of bias and overlay error in 
lithographic and etch processes used in microelectronics manufacturing which is particularly 
usefiil more monitoring pattern features with dimensions on flie order of less than 0.5 micron. 

[008] U.S. Patent 5,962,173 ofLeroux et al. relates generally to the field of fabricating integrated 
circuits and more particularly to maintaining accuracy in the fabrication of such circuits having 
extremely narrow line elem^ts such as gate lines. 

[009] U.S. Patent 5,902, 703 of Lerotac et al relates generaUy to the field of febricating 
int^rated circuits and more particularly to maintaining accuracy in the &brication of such circuits 
having relatively narrow line elements such as gate lines. The invention is also directed to the 
verification of st^er lens fiibrication quality. 

[010] U.S. Patent 5,976,741 of Ziger et al. relates generally to methods of determining 
illumination exposure dosages and other processing parameters in the field of fiibricating 
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integrated circuits. More particularly, the invention concerns methods of processing 
semiconductor wafers in step and repeat systems. 

[Oil] U.S. Patent 6,301 ,008 Bl of Ziger et at. relates to semiconductor devices and their 
manu&cture, and more particularly, to arrangements and processes for developing relatively 
narrow line widths of elements such as gate lines, while maintaining accuracy in tiieir fabrication. 

(0121 U.S. Patent Application US 2002/01825 16 Al of Bowes relates generally to metrology of 
semiconductor manufecturing processes. More particularly, the present invention is a needle 
comib reticle pattern for simultaneously making critical dimension (CD) measurements of device 
features and registration measurements of mask overlays relative to semiconductor wafers during 
processing of semiconductor wafers. This reference and those previously cited are herein 
incorporated by reference in their entirety. 

SUMMARY OF THE INfVENTION 

I013J Lens aberrations limit flie quality of reproducing a mask pattan into a photo resist. A 
significant type of lens aberrations is flare in which stray light can distort printed features. Flare 
can vary widely firom stepper to stepper even fiom lenses of flie same steppo- &mily. In the 
manufacture of semiconductors, it is inq)ortant to be able to assess flie effect of flare due to 
various e]q>osure tools. In general, flare degrades resist profiles by exposing regions tiiat 
otherwise should remain underexposed. There is a need for quantifying the effects of flare so that 
the user may take action to minimize these effects so that product yield is increased and costs may 
be lowered. 

I014J In an example embodiment, in a photo lithography process on a photo resist coated 
substrate, there is a method for determining the effect of flare on line shortening. The method 
comprises printing a dark-field mask at a first die position on the substrate and in a first e}q)osure. 
- The dark-field mask inchides a flare pattern corresponding to one comer of the dark-field mask, a 
correction box opening, and a focus box pattern on the substrate. In a second exposure, Uie 
method prints a clear-field mask including anoflier flare pattern corresponduig to an opposite 
coma- of the clear-field mask. At a second die position on tiie substrate, a composite mask pattern 
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based on features of the dark-field mask and the Kght field mask is printed. Tb^ printed patterns 
are developed and measurements are obtained from the printed patterns. As a function of the 
measurements, the effect of flare is detennined, A feature of this embodiment further comprises 
measurmg the dimensions of the flare box pattern of features printed with the dark-field mask and 
features printed with the clear-field mask, measuring the dim«,sions of the correction box features 
pnnted during the first exposure and features printed during the second exposure, and measuring 
the dmiensions of the focns box pattern printed at the second die position. 

10151 m another example embodiment, in a photo-lithography process on a photo resist coated 
substrate, there is a method for determining the effect of flare online shortening. TUc method 
comprises, printing a first mask including a flare pattern corresponding to one comer of the &st 
mask, at a first die position on the substrate and in a first exposure; in a second «q,osme. a second 
mask includmg another flare pattern corTeq,onding to an opposite comer of the second mask, is 
pnnted. At a second die position on the substmte. a composite mask pattern based on features of 
the first mask and the second mask is printed. The printed patterns are developed and 
measurements are obtained fiom the printed patt«ns. As afunction of the measurements, the 
effect of flare is determined. 

[0161 m yet another embodiment, there is a system within a stepper apparatus, in a photo 
hthography process on a photo resist coated substrate, for determining the effect of flare on line 
shortemng. The system comprises means for printing, at a first die position on the substmte and in 
a first exposure, a first mask (hat includes a flare pattern corresponding to one comer of the first 
mask, and m a second exposure, means for printing a secoi«i mask that includes another flare 
pattern conespondmg to an opposite comer of the second mask. At a second die position on the 
substrate, there are means for printing a composite mask pattern based on features of the first 
mask and second mask. There are means for developmg the printed patterns and obtaining 
measurements fiomtheprinted patterns. As a function of the measurements, there are means for 
detennining the effect of flate. 

[017J In yet another embodiment, there is a mask set for use m a wafer stepper. TTie mask set 
comprises a first mask having features of predetermmed dimensions laid out in a dark-field and a 

I 
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second mask having features of predetennined dimensions laid out in a clear-field. Included in tiie 
first mask, the features are comprised of a first portion of a flare pattern, a first portion of a box- 
in-a-box correction pattern, and a first portion of a focus box pattern. Ihchided in the second 
mask, the features are comprised of a second portion of the flare pattern, a second portion of the 
box-in-a-box correction pattern, the second portion of the box-in-a-box correction pattern 
alignable to the first portion of the box-m-a-box correction pattern, and a second portion of the 
focus box pattern, the second portion of the focus box pattern aUgnable to the first portion of the 
focus box pattern. An additional feature of this embodiment, is that a the mask set further 
comprises a thinl mask having feattires of predetermined dimensions, wherein the features are 
defined by the combination of fte features of the first mask and the features of the second mask. 

10181 The above summaries of the present invention are not intended to represent each disclosed 
embodiment, oreveryaspect, of thepresentinvention. Other aspects and example embodunents 
are provided in the figures and the detailed description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[019) The invention may be more completely understood in consideration of the foUowing 
detailed description of various embodiments of the invention in connection with the 
accompanying drawings, in which: 

[020] BIG. 1 depicts a composite grating box used for calculating flare according to an 
embodimrat of the present invention; 

[0211 BIG. 2A is a dark-field mask used in the printing of the composite grating box of HG 1; 

[0221 FIG. 2B illustrates a light-field mask used m combination with tiie dark-field mask of nO. 
2 A to print tbs composite grating box of FIG. 1 

[0231 F^G.2Cdq)icts the conibuiationofflieniaslaofFiG.2A and 2B according to an" 
embodiment of the present invention; 

[0241 FIG. 3 depicts the scattering of light passmg through a mask feature and the stepper lens; 
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[0251 FIG. 4 depicts a daifc-field focus box pattern 

1026] FIG. 5A depicts a dark-field mask incorporating the focus-box pattern of FIG. 4; 

[0271 FIG. SB depicts a Ugbt field mask used in conjunction with the mask depicted in FIG. 5A; 

[028J FIG. SCiUustrates the combination ofmasks shown in FIGS. 5A and 5B; 

[0291 FIG. 6 is a flowchart of an example process according to the present invention; and 

[030] FIG 7 is a flowchart of anoflier example process according to the present invention. 

DETAILED DESCRIPTION 

[031] Tho present invention has been found to be useful for quantifying the e^ of flare in 
reproducing a mask pattern onto a photo resist coated substrate. 

[032] Refer to FIG. 1. In an example embodiment according to the present invention, a modified 
box-m-a-box structure 100 is constructed using two masks, a sparse (clear-field) mask that is 
sensitive to flare and a dense (dark-field) mask that is far less sensitive to flare. To enhance the 
effect of flare, the sides of the box-m-a-box are composed of grating structures. The left and 
bottom elements HO are exposed using a dark-field mask. The top and right elements 120 are 
exposed finom a clear-field mask. 

[033] m an example embodiment, the user may assume that the masking can be done such that 
there is negUgible overlay error for exposing two masks to attain the elements 1 10 and 120. The 
apparent misaUgmnent is a relative measure of the effect of flare line length shortening It is 
expected that the elements 120 «qH,sed with the clear-field mask are somewhat shorter than those 
elements 1 10 exposed wiflr the dark-field mask. In performing optical length measurements, df. is 
the field optical length measurement of the part of the box structure exposed with the dark field 
mask; If, is the corresponding optical length measurement of the part of the box exposed with the 
Ught field mask. Likewise, the corresponding optical length measurements in the y-direction are 
dfyandlfy. 
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1034J There are two errors with calculating flare using the structure of FIG. 1. First, there is 
always some misalignment when interchanging two differoit masks to attain elements 1 10 and 
120. This may be corrected by constructing a correction box, a box-in-a-box pattern ftom flie two 
masks. Refer to FIGS. 2A - 2B. The daik-field mask 200 is composed of grating structures 210 
and an alignmoit box 230. The clear-field mask 205 is con^osed of grating structure 220 and 
anotiier alignment box 240. In using these masks on a photo resist coated substrate, the user m^ 
print the dark-field pattern of HG. 2A. The clear-field pattern of HG. 2B is aUgned to the print of 
FIG. 2A with the two alignment boxes 230 and 240. The resulting pattern 215 of FIG. 2C 
produces the flare pattern of grating structures 210 and 220 and a box-in-a-box alignment patter 
250 (boxes 230 and 240). The measurement of interest is the width of each side. Differences in 
the left and right or top and bottom are the sum of the misalignment between the two masks and 
any flare differences. We can subtract the effect of mask overlay with the standard box-in-box. 

193SI A second potential error fliat may be encounteredis due to long range flare effects in 
which scattered light aqposes those areas masked off. Refer to HG. 3. In the arrangement 300, 
light 3 10 is projection tiirough a mask 320 having a defined designed feature 330. Abenations in 
lens 340 scatter the Ught 3 10b. This scattering may cause the printed features to be larger than 
those designed. In an extreme, example, the scattered Ught would evenly expose areas under the 
masked r^ons. One of the assumptions being made is that regions under the chrome are not 
exposed. The effect of long-range flare is worse with the light field mask. Refer to FIG. 5. For 
example, the procedure is to expose Fig. 5A and tiien Fig. SB. We assume that the left and bottom 
regions which are masked off area (the tiiick '"L" of the 515 structure), remain completely 
unexposed. 

10361 A correction scheme according to an embodim^ of the present invention may be used to 
quantify tiiis error. Refer to FIG. 4. 1). One or more stepper fields are exposed with a focus box 
pattern 400 using a dark-field mask. The fi)cus box pattern 400 is composed of solid regions 410, 
420 and lines and spaces 430, 440 in the x and y-direction. 2). The same pattern is exposed in a 
region that has been masked off in a prior clear-field exposure. 3). The correction for prior 
eiqposure due to flare is Hub difference hi line shortening between the focus box structure in the 
single exposed field and the doubly exposed field. 
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I037I According to another embodiment of the present invention, the focus box pattern of FIG. 4 
may be incorporated into die flare measurement structure of FIGS. 2A - 2C. Refer to FIGS. 5A - 
5C. A dark-field mask 500 is composed of part of a flare pattern 510, an alignment box 520 and a 
focus box pattern 530. A corresponding clear-field mask 505 is composed of anodier alignment 
box 525 (which aUgns to aligmnent box 520), the region defined by focus box pattern 530 is 
blocked out by region 535. The printed conq)08ite structure, FIG. 5C is the combination of dark 
field mask 500 and clear-field mask 505. Patterns 510 and 515 make the flare pattern ("A"). The 
correction box (**B") 535; and focus box ("C") pattern 530 are the combination of the dark field 
mask 500 and light-field mask 505. 

[(1381 Ref«toFIG. 6. M an exan^le embodiment, in a wafer-stepper S9q[>aratus, iq>on a resist- 
coated substrate, the user may print the daik-field mask pattern 610 of FIG. 5A. Overlaid upon 
the exposed ¥1G. 5A pattern, Ihe user may print the clear-field mask pattern 620 of FIG. 5B. The 
resist coated-coated substrate has undergone a double-exposure for the HG. 5A and FIG. 5B 
masks. Having printed HG. 5 A and FIG. 5B mask patterns as a double-exposure, the user steps to 
another location on the substrate and prints the composite mask pattern 630 of FIG. 5C. The 
printed pattern is developed 640. The user obtains measurements fix)m the printed pattern 650. 
After obtaining the measurements, the user may determine the effect of flare 660 on line 
shortening. 

[939] Refer to FIG. 7. Li another example embodiment, on a substrate, the user may print the 
combination mask pattern of FIG. 5A and 5B. as depicted in FIG. 5C in a single exposure. The 
user prints flie combination pattern 710 which includes the flare pattern (510, 515), ccxcrection box 
(535), and focus box (530). The printed pattern is developed 720. The effect of long-range flare 
on line shortening 730 is determined. 

[040] For more infoimation on the measuring of process induced line-shortening, refer to 
provisional U.S. Patent Application No. 60/468,892 titled, "Overlay Box Structure for Measuring 
Process-Induced Line Shortening Effect," of Yuji Yamaguchi and Pierre Leroux, the appUcation 
being assigned to Koninklijke Philips Electronics N.V. of The Netherlands, flie application is 
incorporated by reference in its entirety. 
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[0411 Further infoimation on the measuring of lines and spaces may be found in provisional U.S. 
Patent AppKcation No. 60/468,893 titled, "A Method and Lithographic Structure for Measuring 
Lengths of Lines and Spaces," of Yuji Yamaguchi, the application being assigned to Koninldijke 
PhiUps Electronics N.V. of The Netherlands, the appUcation is incorporated by reference in its 
raitirety. 

[0421 In taking measurements upon the composite structure of FIG. 5C printed on a wafer 
substrate, a general calculation for the effect of flare on line shortening of horizontal features is 
denoted by, «R" the measured registration reported by the alignment-measuring patterns, as 
depicted in FIG. 5C. For example, in the structures A, B, C, the general expression of 
misalignment is represented by: 

Rx=(righit leg-left leg)/2 (1) 

Rjr(tpp leg-bottom le^^ (2) 

[0431 In an example embodiment according to the present invention, the user may determine the 
degree of misalignment in the "B" structure 535 between the overly HG. 5A and FIG. 5B in the 
x-direction where the misalignment is the difference in width between the structure's left leg 
(cblx) and rigiht leg (cb2x) and in the y-direction where the misalignment is the difference between 
the bottom leg (cbly) and the top leg (cb2y). 

[0441 Likewise, the user may determine Ihe degree of misaligmnent in the "A" structure between 
the Ught-field features 515and dark-field features 510. The apparent misalignment in the x- 
direction, between the light/dark field features is the difference m width between the structure's 
left leg (dfx) and right leg (If^) and the qjparent misaKgnment in the y-diiection between the 
light/dark field features is the difference in width between the structure's top leg (Ify) and bottom 
leg(dfy). 

(0451 The user may compare the line shortening between the "C" structure 530 in the single 
versus double exposed fields where line shortening in the x-direction, is the difference in width 
between the left leg (fljl,) and right leg (flj20 or in the y-dkection, the top leg (fl)2y) and bottom 

t 
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leg (fbly). The intermediate results of the calculatioiis determined fix)m the three structures, is 
used to calculate the flare. 

Igj^^^ssr^^f-df - Tx^*'"^** - r^Mulfiplo-Siiii^e Bxpositn 
IgyFtore^^lf-df _ y^l8t-2nd mask _ ^^Multiple-Single Eyposure 



where r/■<•^ r.^^^'^ and r,^*-«^p•^B,po«„c ^ measured imsaUgnments in the x 
direction for the Ught field/dark field structures (A) , the standard box in box (B) that measures the 
alignment between the two exposures and the measured difference between the focus box 
structure (C) exposed twice versus a single time. 



(0461 In a particular example process, the techniques according to the present invention may be 
applied. The alignment tool rei>ort8 r* and ry which are the difiFetcnces in left leg and right leg or 
top leg and bottom leg optical widlh measurements. By overlapping Fig. 5 A and Fig. SB, ttie 
image of FIG. 5C is rendered. Also, one may assume that the pattern shown in 5C is exposed on 
another stepper field. Table 1 outlines the exanq>le values obtained. 



Table 1 Example Data to Determine Flare 





rx . 


ry 


Structure 


Overlqjped 5 A/SB SC 


Overlapped SA/5B 5C 


A 


0.013 


0.013 


B 


0.005 


0.005 


C 


0.152 0.150 


0.183 0.181 


Flare in x direction 




ls,*^= 0.013-0.005-(0.152^.150) 




Flare in y direction 




Isv*"^ 0.013-0.005-f0.183-0.181) 
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[0471 While the present invention has been described with reference to several particular 
example embodiments, those skilled in the art will recognize that many changes may be made 
thereto without departing from the spirit and scope of the present invention, which is set forth in 
the following claims. 
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CLAIMS 



1. In a photo lithography process on a photo resist coated substrate, a method (600) for 
determining the effect of flate on line shortenings the method comprising: 

at a first die position on tihie substrate and in a first exposure, printing a dark-field mask 
(610) mcluding a flare pattem correspondmg to one comer of ttie dark-field mask, a correction 
box opening, and a focus box pattem on the substrate, and in a second exposure, printing a clear- 
field mask (620) including another flare pattem corresponding to an opposite comer of the clear- 
field mask; 

at a second die position on the substrate, printing a composite mask pattem (630) based on 
features of the dark-field mask and the clear-field mask; 

developing the printed patterns (640) and obtaining measiurements (650) therefix>m; and 
determining the effect of flare (660) as a fimction of the measurements. 

2. The method of claim 1, wherein the obtaixung the measurements finrther comprises, 

measuring the dimensions of flie flare box (510, 515) pattem of features printed witti the 
dark-field mask and features printed with the clear-field mask; 

measuring the dimensions of the correction box (535) features printed during the first 
exposure and features printed during the second e?q)osure; and 

measuring the dimensions of tfie focus box pattem (530) printed during the stepping to the 
first die position and measuring the dimensions of the focus box pattem printed at the second die 
position. 

3. The method of claim 2, wherein the obtaining the measurements includes taking measurements 
&om a left-leg and a right-leg of the printed features and taking measurements firom a top-leg and 
bottom leg of printed features. 
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4. The method of claim 2, wherein 

the effect of flare is a function of the dififerences between the left-leg and right-leg of a 
given printed feature for the X-direction; 

the effect of flare is a function of the differences between the top-leg and bottom-leg of a 
given printed feature for the Y-direction; 

5. The method of claim 4, wherein the effect of flare is defined by the following equation, 

jg^Flarej_jj^^lfHlf _ j^Ist-2iid made _ j,^^ 

where r„^-^^ , m^^^ininuisk ^^Muitipi^sin^ie Exposu« measured misalignments in a 
given direction n for the light field/dark field structures (A) , the standard box in box (B) that 
measures flie alignment between the two exposures and the measured difference between the 
focus box stracture (C) exposed twice versus a single time. 



6. The method of claim 5, wherein n includes the X-direction and the Y-direction. 



7. In a photo lithography process (600) on a photo resist coated substrate, a method for 
determining the effect of flare on line shortening, the method comprising: 

at a first die position on the substrate and in a first exposure, printing a first mask(610) 
including a flare pattem corresponding to one comer of the first mask, and in a second e>iposure, 
printing a second mask(620) including another flare pattem corresponding to an opposite comer of 
the second mask; 

at a second die position on the substrate, printing a composite mask pattem (630) based on 
features of the first mask and the second mask; 

developing the printed patterns (640) and obtaining measurements (650) therefi:om; and 

determining the effect of flare (660) as a function of the measurCTients. 
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8, The method of claim 7 wherein obtaining the measurements further comprises, 

measuring the flare pattern corresponding to the one comer of the first mask; and 
measuring the flare pattern corresponding to the opposite comer of the second mask. 

9. The method of claim 8 wherein obtaining the measurements further comprises, 

measuring the composite mask pattern at locations defined by features of the first mask 
and features of the second mask. 



10. System within a stepper apparatus^ in a photo lithography process on a photo resist coated 
substrate, for determinmg the effect of flare on line shortening, the system comprising: 

means for printing, at a first die position on the substrate and in a first exposure, a first 
mask including a flare pattern corresponding to one comer of the first mask, and in a second 
exposure, means for printing a second mask including another flare pattern corresponding to an 
opposite comer of the second mask; 

means for printmg a con4>osite mask pattern based on features of flie first mask and the 
second mask, at a second die position on tiie substrate; 

means for developing the printed patterns and obtaining measurements therefrom; and 
means for determining the effect of flare as a function of the measurements. 
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1 1 . System for detennining within a stepper apparatus, in a photo lithography process on a 
photo resist coated substrate, for determining the effect of flare on line shortemng, the system 
comprising; 

means for stepping to a first die position on the substrate, in a first exposure, printing a 
dark-field mask including a left-bottom flare pattern, a correction box opening, and a focus box 
pattern on the substrate, in a second exposure, printing a clear-field mask including a right-top 
flare pattern, a correction box covering, and a focus box covering, the combination of flie dark- 
field mask and light-field mask printing a flare pattern, a correction box, and a focus box; 

means for stepping to a second die position on flie substrate, printing a coniposite mask 
pattern comprised of features fi-om the dark-field mask and the light-field mask; 

means for developing the printed patterns; and 

means for determining the effect of flare, wherein the effect of flare is a function of 
measurements obtained fix)m the printed patterns on the substrate comprising, 

means for measuring the dimensions of the flare box pattem of features printed with 
the dark-field mask and features printed witii the light-field mask; 

means for measuring the dimensions of the correction box features printed during the first 
exposure and features printed during the second exposure; and 

means for measuring the dimensions of the focus box pattem printed during the stepping to 
the first die position and measuring the dimensions of the focus box pattem printed during the 
stepping to the second die position. 

12. A mask set (500, 505) for use in a wafer stepper, the mask set comprising: 

a first mask (500) having features of predetermined dimensions laid out in a dark-field, the 
features comprising, 

a first portion (5 10) of a flare pattem; 
a first portion (520) of a box-in-a-box correction patt^; and 
a first portion (530) of a focus box pattem; 
a second mask (505) having features of predetermined dimensions laid out in a light-field, 
the features comprising, 



15/17 



Atfy Docket No.: US030244P 



a second portion (515) of the flare pattern; 

a second portion (520) of the box-in-a-box correction pattern; the second portion of 
the box-in-a-box correction pattern alignable to the first portion of the box-in-a-box coirection 
pattern; and 

a second portion (535) of the focus box pattern, the second portion of the focus box 
pattern alignable to the first portion of the focus box pattern. 

13. Hie mask set of claim 12 fiirther comprising, 

a third nmsk (555) having features of predetermined dunensions, wherein the features are 
defined by the combination of the features of the first mask(500) and the features of the second 
mask (505). 
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ABSTRACT 

In photo-lithography, one may assess the effect of flare due to varioxis exposure tools. In an 
example embodiment, in a photo-lithography process on a photo resist coated substrate, there is a 
method (600) for determining the effect of flare on line shortening. The method (600) comprises, 
at a first die position on the substrate and in a first exposure, printing a first mask (610) that 
includes a flare pattern corresponding to one comer of the first mask (610), and in a second 
exposure, printing a second mask (620) that includes another flare pattern coiresponding to an 
opposite comer of the second mask. At a second die position on the substrate, a composite mask 
pattern (630) based on features of the first mask and the second is printed. The printed patterns 
(640) are developed and measurements (650) are obtained therefix>m. The effect of flare (660) is 
determined as a function of the measurements. 
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Print a Dark-Field Mask including 

a Left-Bottom Flare Pattern ^jq 
Correction Box Opening 
and Focus Box 
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Print a Clear-Field Mask including 
a Right-Top Flare Pattern 
Correction Box Covering 
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Step to Another Position and 
Print Composite Mask having t 
Flare Pattern 
' Correction Box Pattern 
Focus Box Pattern 
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Develop the Printed Patterns 640 
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Obtain Measurements from 
Printed Patterns 
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Determine the Effect of Flare on 
Line Shortening 
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Print a Combination Pattern of a 
Darli Field Mask and Light Field Mask 
including a 
Flare Pattern 710 
Correction Box 
Focus Box 
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Develop the Printed Pattern 720 



Determine the Effect of Long-Range 
Flare on Line Shortening 
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FIG. 7 



